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This invention pertains generally to space vehicles and 
the like, and more particularly to a novel form of space 
vehicle and a system for maintaining such vehicle in 
flight or at a desired location in spaced-apart relationship 
with respect to a mother planet or the like. 

The prior art affords many examples of apparatus 
adapted to be propelled in spaced-apart relationship with 
the earth, as well as systems for maintaining this rela- 
tionship in opposition to the gravitational field thereof. 
Exemplary devices of this type are conventional aircraft 
(both jet and propeller driven) and the more modern 
un-manned or pilotless vehicles such as rocket-propelled 
missiles. However, the operation of each of these ve- 
hicles of the prior art necessitates the expenditure of a 
fuel carried by the vehicle. Further, while an orbital 
Earth satellite requires no applied energy in executing 
a given orbit, enormous quantities of fuel are consumed 
in launching the satellite into orbit. Also, where the 
satellite vehicle is designed for the subsequent correction 
of or other change in the orbital path, a fuel supply must 
be carried by the satellite in order to provide the desired 
corrective thrusts. 

It is thus apparent that in each of these prior art ve- 
hicles a fuel supply must be carried thereby for local 
consumption in order to initiate, maintain or alter a given 
flight pattern, whether such pattern involves morion of 
the vehicle relative to the Earth or a substantially motion- 
less hovering with respect thereto. It therefore follows 
that the maximum payload capabilities of such vehicles 
are limited by the fact that the vehicle must support the 
weight of the fuel carried thereby. Also, such vehicles 
are not naturally adapted to indefinitely long periods of 
continuous operation, since the fuel supply therein will 
eventually be exhausted, necessitating a return of the ve- 
hicle to a refueling base, or alternatively, an in-flight re- 
fueling process as is accomplished with some conventional 
aircraft. 

The utility of a space vehicle or the like which is ca- 
pable of sustained flight over an indefinitely long period 
of time without employing a local fuel supply is evident, 
and the applications therefor are numerous. For exam- 
ple, a vehicle capable of perpetual operation (except 
for mechanical failure) and stationed in space above the 
surface of the Earth, either within or without the at- 
mosphere thereof, may perform alarm and surveillance 
tasks by radar techniques, along with guidance and pro- 
tection of defense vehicles, and may simultaneously pro- 
vide long-haul broadband communications. Systems of 
such vehicles or platforms may be established to provide 
radar and communication networks. 

These desired operational characteristics are provided 
by the vehicle of the present invention, which vehicle is 
energized by means of transmitted microwave electro- 
magnetic energy that is beamed toward the vehicle. The 
microwave energy incident upon the vehicle is converted 
into appropriate mechanical forces which produce the de- 
sired flight operation of the vehicle. The advantages at- 
tendant the utilization of microwave energy, in contrast 
to electromagnetic energy of other wavelengths, are 
readily apparent. Microwaves have been generally de- 
fined as radio waves whose wavelength is less than 30 
centimeters, with a lower wavelength limit on the order 
of one millimeter or one centimeter sometimes being 
applied to what is called "the microwave region." The 
superiority of microwaves is due in part to the fact that 



it is generally necessary to focus the transmitted energy 
so as to achieve a desirably high power density at a re- 
mote point or area with respect to a given generator or 
transmitter power level. In accordance with the laws 

5 of optics, the sharpness of the beam produced by an an- 
tenna varies as the ratio of antenna dimensions to the 
wavelength cf the transmitted energy. Thus, for a given 
or desired power density or beam sharpness, a decrease 
in the wavelength of the transmitted energy permits a 

10 corresponding decrease in the dimensions of the antenna. 
From the standpoint of mechanical convenience, it is 
generally desirable to employ small antennas and other 
components, and it is therefore advantageous to employ 
energy of very short wavelength. In addition, the diffi- 

15 cullies encountered in relatively long wave transmission 
as a result of natural and man-made interference or noise 
(which noise would interfere with the transmission of 
radar or communications intelligence via the microwave 
power beam) do not occur with any appreciable signifi- 

20 cance at microwave frequencies. Also, where the space 
vehicle is to be operated at an altitude above the iono- 
sphere, long wave transmission will generally be reflected 
by the reflecting layers thereof, while microwaves pass 
through such layers substantially unaffected. 

25 In view of the several advantages stated above, it might 
appear desirable to employ the shortest wavelength pos- 
sible commensurate with the power-generating capabil- 
ities of the transmitter at the wavelength chosen. A 
lower limit is fixed, however, for the wavelength that 

30 may be used in a practical radiating system in view of 
the increasing losses due to absorption occurring in the 
atmosphere at wavelengths below five to ten centimeters. 
In the one to two centimeter region, there is a peak in 
absorption by water vapor, and even for dry air the ab- 

35 sorption of electromagnetic energy increases very rapid- 
ly below one or two centimeters. It may thus be seen 
that microwaves in a region having the approximate 
bounds of two and thirty centimeters are readily adapt- 
able to convenient radiation of energy to a remote point 

40 with small transmission loss, with the preferred wave- 
lengths being of the order of five or ten centimeters in 
order to accomplish efficient focusing with a transmitting 
len3 system of reasonable size without inflicting an in- 
tolerable power loss by absorption. 

45 The key to the practical utilization of high-power elec- 
tromagnetic beams for remote energization of space ve- 
hicles and the like is a device which will generate large 
amounts of power within this wavelength region. In 
addition, many applications of such high-power beams 
require such refinements as broad electronic bandwidth 
and low phase distortion, placing the additional require- 
ment of sophisticated performance on the high-power gen- 
erator. A device which currently satisfies the duel re- 
quirements of high power output and refined performance 
is the Amplitron tube, a relatively new type of crossed- 
field vacuum tube which may be used as a compact, 
highly efficient, broadband amplifier capable of handling 
high peak and average powers, and which generally com- 
prises a circular but non-reentrant, dispersive network 
matched at both ends over the frequency region of in- 
terest, and a reentrant electron beam originating from a 
continuously-coated (or nearly so) cathode coaxial with 
the network, with a D.-C. potential being applied between 

6g the cathode and anode, and a magnetic field applied 
parallel to the axis of the cathode and transverse to the 
electric field between the anode and the cathode. For 
a more complete description of the Amplitron, reference 
may be had to my application Serial No. 706,312, filed 

70 January 2, 1958, for "Low Level Duplexer System," now 
United States Letters Patent No. 2,933,723, which is- 
sued April 19, 1960. AmpUtrons currently available are 
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capable of producing 15 or 20 kilowatts^ of average ^ra- 
dio-frequency, power in the neighborhood of ten ^ centi- 
meters in wavelength, and future models are expected to 
yield 500 kilowatts or more average power, with 50 mega- 
bit h^Xgly a primary object of this invention to 
provided space vehicle or the like designed for an in- 
definitely long period of operation either ™ ™™6 
flisht or at a selectable location i with 
or 



the vehicle as radiated microwave electromagnetic energy 
in beam form, as indicated, by lobe 14 having center line 
IS. A suitable transmitter 16 is provided for this purpose, 
along with a beam-forming transmitting antenna 18. As 
will be appreciated by those skilled in the art, the repre- 
sentations of the transmitting equipment and microwave 
beam in FIG. 1 are highly diagrammatic in form, and the 
present invention is not limited to any particular trans- 
mitter or antenna assembly. As a practical matter, how- 



;ht or'at a selectable location with W^. 1 *™ ^ ™e7 tterTffcc^ oTie antenna assembly 18 is consider- 
or other mother planet, with energy •WW;**""? 10 X' Cge r toan most of the reflectors of the prior art in 
operation being supplied to such device in the form of ^f^g^, large ^o^t of power at a high-altitude 
microwave electormagnetic energy. _ _ { } acevehic i e . in an exemplary embodi- 

A further ob ect of the invention is to provide a sy s ve.g. o , , v partially supported 

tmtein«itf^a^v^«te mj^gj ^ f iarge X dug-out area on the Earth's sur- 

er at a selectable location with w^^^f^ so Is to provide a convenient means of support there- 

or the like in response to. ^^^^^S for Also, fte antenna may actually comprise a large 
ergy transmitted from such mother planet to the vehicle^ OT^a , assembUes> to addl . 

In accordance with an ^emplary.embodirnent of £e ^oTto ttiwiiHer 16 is capable of much greater power 
present invention, this system ^ «a«t«imng of toe ffle ™ most of the prior art transmitters, and, as 

space vehicle includes means on the Earth £j some ofter 2 o omput man pia of this specification, the 



space vcinwio uiwuuvo i«w«»— t, a „ m 

mother planet for radiating microwave energy m a beam 
directed toward and focused on the vehicle f or substan- 
tially continuously supplying such vehicle with the power 
necessary for the operation thereof. The space vehicle 
of the invention has means associated therewith for receiv- 
ing and converting incident microwave energy into appro- 
priate forces applied to the vehicle to sustain flight The 
received microwave energy may be directly converted into 
a flight-producing force as by an ion engine or the nice, 
or the microwave energy may be subjected to a mesne 
conversion to heat. In the latter case, means are pro- 
vided for applying the heat converted to a suitable fluid 
medium which is expanded thereby to perform the work 
necessary to propel or sustain the vehicle, 

In one preferred form of the apparatus of the mvention, 35 

a plurality of thrust-providing engines are mounted lor 
rotary movement about a substantially vertical common 
axis along which the beam of energy is normally ^ans- 
mitted, with suitable airfoil means being mounted for 



25 



30 



stated in the earlier paragraphs of this specification, toe 
power-generating element of the transmitter is preferably 
an Amplitron tube in order to achieve sufficient power 

° U The microwave energy that murninates the vehicle 10 
is intercepted by the under or concave side of the reflect- 
ing member 20, the curvature of which is such that the 
energy received along a substantially straight line parallel 
to the central axis of the radiated beam of energy is re- 
flected into an annular opening 22 in the frame member 
24 The latter frame member may preferably comprise 
a hollow waveguide for the received radio-frequency en- 
ergy, and the energy applied thereto through the open- 
ing 22 is, in turn, applied to the several engines 26 con- 
nected thereto. ■ ,. ' 

The means for maintaining flight or hovering conditions 
in the vehicle 10 include the several engines 26, which 
effect a rotary motion of the vehicle frame in the direction 
shown by the arrows about a substantially vertical central 

* . . .. »it J f 4-_— linn nf tin A ♦fOTtC- 



mitted, with suitable airfoil means being ™^ 4Q ^normaly coinciding with the center line of the trans 
movement with such engmes jo provide ^ hfUng to ce norm y ^ n ^ wve v h rot ^ 



necessary to maintain flight of such vehicle. Means are 
provided for apportioning the received energy between, 
the several engines in such manner as to selectively ener- 
gize the engines to maintain the vehicle centered on the 
transmitted beam. , 

In an alternative form of the apparatus of this mven- 
tion, a plurality of thrust-providing engines are symmetri- 
cally positioned with respect to the vertical central axis of 
the vehicle along which the beam of energy is normally 
ttansmitted. Means are provided for distributing the re- 
ceived energy between the engines so as to differentially 
energize the engines to apply corrective forces to the ve- 
hicle upon the occurrence of angular or translations! dis- 
placement of the axis thereof from the center line of 
the radiated beam. . . 

With the above considerations and objects in mind, toe 
invention itself will now be described in connection with a 
preferred embodiment thereof given by way of example 
and not of limitation, and with reference to the accom- 
panying drawings, in which: 

FIG 1 is a perspective view of a preferred form of trie 
apparatus of the present invention, schematically indicat- 
ing the control system therefor; _ 

FIG 2 is a partial sectional view in elevation of the 
vehicle shown in FIG. 1, the section being taken substan- 
tially centrally of the vehicle; • 
FIG. 3 is a plan view of a portion of the apparatus of 
FIG. 1; and . « « 

FIG 4 is a partial sectional view in elevation ot an 
alternative form of the apparatus of this invention. 

Referring now to FIG. 1, one preferred form of the 
vehicle of the present invention is indicated generally at 
10. As shown, the vehicle 10 is adapted to be maintained 
in flight or in hovering position with respect to the Earth or 



45 



60 



rnitted beam 14 of microwave energy. Upon such rotary 
motion of the vehicle frame, a sustaining lift is provided 
by means of a plurality of airfoil members 28, which may 
generally be in the form of the rotary wings of a helicop- 
ter or the like. It will be understood that only the basic, 
elements of the vehicle 10 are shown in the drawing, 
and that other frame members and the like would normal- 
ly be provided to support a payload of radar, communi- 
cation or other similar equipment. In this connection, 
the beam 14 also provides a signal-information link be- 
tween the ground station and the payload equipment on 
the vehicle. ■ 

FIG. 2 shows in somewhat greater detail the construc- 
tion of the apparatus of FIG. 1, with the showing of FIG. 
55 2 being taken along a vertical plane through one of the 
supporting airfoil members 28. . The construction and 
operation of the several thrust engines will not be dis- 
cussed in detail herein, since a complete description of 
enrines suitable for this purpose is provided in my apph- 
60 cation Serial Number 812,697, filed May 12, 1959, now 
United States Letters Patent No. 3,083,528, which issued 
April 2, 1963, and assigned to the assignee of the present 
application. As disclosed in such application, an ex- 
emplary embodiment of an engine suitable for use in the 
65 vehicle of the present application includes a heat-exchang- 
in§ container means adapted to be energized by micro- 
wave energy to heat a gaseous medium therein and cause 
expansion of same to produce a jet stream for providing 
a propulsive thrust. In one preferred form of the mven- 
70 tion, the container means comprises an electromagnetic 
waveguide of lossy characteristics which produces heat 
upon energization by suitable electromagnetic energy to 
raise the temperature of a gaseous medium passing there- 
through. A member of stacked and closely-spaced elec- 



Sl^^S^^^Z.n IrU 1^ Plates is prefer^ mounted within the 
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waveguide to serve as J™* means fa absorbing J^"^,*""*; jS&S&^JlE 

q T y t0 a ttdCS? ?St to to ve^depo^^ lateral dimensions of the beam 

iu wiuku ^ , x. fttM « narticniarlv 10 were to be daeplaced toward the right an r-iu. A me 

j , r . _ f .f —rtti™ a«i ,k evident the vehicle) provides a component or tnrust normal 10 me 

As mav be seen in FIG 2, the engines 26 are supported particular engine 25 shown in FIG. 2 will be in motion and 

namlir 20 Ural substantially sWigM parallel pails u J5 bs appreoatad by those skilled in tht an, U*re must B« 

me rrame memoir ^ &u ui«u , mentioned copending application is evident. As stated 

^™m^i^xxv*22 in foam- member 24. As a reflecting members 34 and 33. The diagrammauc show- 

rtuf^ amounts of ings of engines 36 and ,38 in FIO 4 are intended to rep. 

Sn^S^^W. and normal operation is 6 0 resent jet en^nes of the type ^f^^^^^ 

SLeby effected, resulting in a rotary movement of the tioned copending application, and it ts to be understood 

enSnes 26 and L the frame member 24 about the central that the microwave energy necessary for operation of 

S a^TthVvehicle 10. As mentioned above, such each engine 36 and 38 is received at the upper or intake 

M^^aA of the frame member 24 produces a end thereof. The focus "pomts" 35 and 37 are m reality 

corresponding rotation of the airfoil members 23 to pro- 6 5 w * eas rathcr P° mts ' the engines 06 and 38 are 

vidTa S al tos t for maintaining the vehicle 10 in intentionally mounted sHghtly inboard of a centered po- 

flight or in a hovering position with respect to the mother sition with respect to the associated area 35 or ^37, so 

Smet l2 that normaUy not all af the energy at each area is directed 

In order to maintain the vehicle 10 in a desired location into the respective engine. TOs condition is indicated 

with respect to the center-line of the transmitted radio- 7o in FIG - 4 , bv several reflected dot-dash lines which 

frequency beam 14, viz., at a centered position witii the pass by rather than into the mouths of engines 36 and 38. 

vertical central axis of the vehicle coinciding with the The particular proportion of energy that is thus normally 

center line of the transmitted beam, the shape of the con- wasted, as compared to that portion which is collected 

cave reflecting surface of member 20 is chosen as described by the engines, is a matter of choice in design in a given 

above to reflect energy of the beam 14 equally to the 75 instance, but it is generally desirable to utilize a major 
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portion (e.g., 85 or 90 percent) of the available energy 
for normal energization of the engines. The magnitude 
of the portion that is normally wasted will generally be 
determined in accordance with the peak wind velocities 
occurring at the altitude at which the vehicle is to op- 
erate, as will be better understood in connection with the 
description of the operation of vehicle 32. 

As in the case of the vehicle described in connection 
with the earlier figures^ there will normally be other addi- 



similar but oppositely-directed operation occurs upon 
angular displacement of the vehicle 32 in a counter-clock- 
wise direction. 

The invention has been described above dn considerable 
detail, and particularly with reference to its application 
to a space vehicle adapted to be maintained at a desired 
altitude and lateral position in spaced-apart relationship 
with respect to the Earth or other mother planet. How- 
ever, it will be apparent to those skilled in the art that. 



tional members employed .in actual practice dn order to i 0 the inYen ti^ adapted 
support such operational or "pay load" equipment as fc " ™ ~ ~~ 

radar, communications transceivers and the like. The 
configuration of the reflecting surface of members 33 and 
34 is such as to equally divide energy of beam 14 between 



for movement relative to such mother planet, whether 
involving a change dn altitude, latitude or longitude, or 
some combination thereof, so long as a suitable beam of 
radiant energy is provided. The vehicle of FIG. 4 is 



the engines mounted on the vehicle 32 when such vehicle 15 shown and described as having a separate dished reflector 

.■ ** . _ . . . ^ ... nn „t, a Unmovar it to OIM H OUT that 9 CI T1 0 1 P. 



is centered (both translationally and angularly) with re- 
spect to the beam 14, as shown in FIG. 4. As may be 
seen, the positions in which the engines 36 and 33 are 
mounted is such as to provide respective thrusts directed 



for each engine. However, it is evident that a single 
reflecting surface of revolution may equally well be em- 
ployed, along with a suitable annular collecting and dis- 
tributing means, as indicated in FIGS. 1 and 2. Con- 




38 has a major component substantially parallel 
direction of transmission of the radiorfrequency energy, 

along with a minor component normal thereto and di- - . 

rected away therefrom. By means of this construction, 25 perform the combined results of each embodiment 
the vehicle 32 may be maintained in flight or hovering In addition, the invention is not limited to use of 



alternative to that of the preceding figures, since the two 
embodiments may be combined in a single vehicle to 



any 



condition and may also be controlled as to attitude in the 
plane of the drawing sheet. As will become apparent 
in connection with the description of the operation of the 



particular form of thrust-providing engine (except as to 
the requirement that it be energized by received radiant 
energy), and the particular means for creating the pro- 



apparatus of FIG. 4. it will be necessary to provide three 30 pulave thrust may bejitter a Jrt stream, a Prefer 

such engines to achieve attitude control m all directions. 

In the operation of the vehicle of FIG. 4, when the ve- 
hicle is operating in a centered position with respect to 
the beam of microwave energy 14, with the central ver- 
tical axis of the vehicle in registry with the center line 3 «> 
of the radiated beam, a propulsive thrust is provided for 
either propelling the vehicle upwardly or for maintaining 
a given altitude in opposition to gravitational forces, and 
the thrust components normal to the direction of the 



the like. In this connection, it should be noted that while 
the vehicle of the present invention is described as being 
energized solely by microwave electromagnetic energy, 
the vehicle may also include a conventional engine and 
fuel supply system for supplementing the action of the 
microwave engines until such fuel supply is exhausted. 
Also, the invention is applicable to tethered air vehicles, 
and where the operating altitude is low, the tethering 
means may serve as a transmission line for supplying 



radiated beam 14 are equal in.magnitude and so direeted « ^^^E^^^J^ 
as to cancel each other. 

When the vehicle 32 is moved from this desired posi- 
tion, as by wind forces or the like, the vehicle is re-centered 

on the beam by virtue of the structure described. For - r ^ j j i • 

example, if the vehicle were to suffer translation toward 45 toe scope of the appended claims, 
the right as viewed in FIG. 4, the reflecting member 34 Whnt ,c "i"™* 

would lie nearer the center of the beam 14 and would 
therefore intercept a greater amount of radio-frequency 
energy that would member 33. Accordingly, engine 36 



the invention is not to be considered as being limited to 
the particular details given, nor to the specific application 
to which reference has been made during the description 
of the apparatus, except insofar as may be required by 



What is claimed is : 

1. A thrust-propelled space vehicle adapted to be main- 
tained- in a centered position with respect to a beam of 
radiated energy, comprising a plurality of thrust engines 



would be illuminated with more energy than falls on 50 mounted for rotary movement about a common axis a 



engine 38, and the oppositely-directed horizontal or lat- 
eral components of force exerted by the respective en- 
gines would result in a net lateral force applied to the 
vehicle 32 and directed toward the left in FIG. 4. This 



major portion of the thrust applied to such vehicle by 
each of said engines being substantially tangential to the 
circle of rotation thereof with a minor portion of such 
thrust being directed outwardly from such circle, airfoil 



lateral correcting force will be so applied until the ve- 55 means mounted for movement with said engines to apply 
hide is once again entered on the beam. A correspona- 
ing operation obtains where the vehicle 32 is displaced 
laterally to the left in FIG. 4. 

In addition, the structure of FIG. 4 provides automatic 
attitude correction to restore the vehicle to a desired po- 
sition upon an unwanted angular displacement thereof 
with respect to the center line of the beam 14 of radiated 
energy. For example, if the vehicle 32 were to be angu- 
larly displaced in a clockwise direction about an axis 



a lifting force to such vehicle, means for receiving energy 
radiated toward such vehicle in a beam normally lying . 
along said axis and for applying such energy to said plu- 
rality of engines to energize the latter thereby, the energy 
60 thus being applied to said engines being apportioned in 
accordance with the relative positions of each of said en- 
gines and the center of such beam upon a displacement of 
such beam away from said axis, with those engines dis- 
posed more nearly in the direction of displacement of 



perpendicular to the drawing sheet and passing through 65 such beam center from said axis at any given instant re- 
apex 42, the reflecting member 33 would, as a result, be ™.«r — fl t,n fl than others, where- 
moved toward a position more nearly normal to; the di- 
rection of the incoming radiant energy. As a result, the 
angles of incidence and reflection are correspondingly 
increased, and the focus point 35 is moved toward the 70 
engine 38 to supply a greater level of energization there- 
to. A corresponding decrease in the energization of en- 
gine 3(5 obtains, and a net resultant force is applied to 
the vehicle 32 about the aforementioned axis at apex 42 
to correct the attitude of the vehicle. As is evident, a 



ceiving relatively greater energization than others, where- 
by corrective forces are applied to such vehicle in direc- 
tions substantially normal to said axis to mai n tain such 
vehicle centered on such beam. . 

2. A thrust-propelled space vehicle comprising a plu- 
rality of thrust engines mounted for rotation about a com- 
mon axis at equal distances therefrom, a major portion 
of the thrust applied to such vehicle by each of said en- 
gines being substantially tangential to the circle of rota- 
75 tion thereof with a minor portion of such thrust being 
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directed outwardly from such circle, airfoil means 
mounted for movement with said engines to provide a 
lift force for sustaining air flight of such vehicle, means 
for receiving energy radiated toward such vehicle in a 
beam normally lying along said axis and for applying 5 
such energy to said plurality of engines in amounts ap- 
portioned in direct relationship with the respective dis- 
tances of each of said engines from the center line of 
such beam at any given instant, whereby said engines are 
energized by such received energy to provide movement 10 
of said airfoil means and to provide corrective forces to 
such vehicle in directions substantially normal to said 
axis to maintain such vehicle centered on such beam. 

3. A thrust-propelled space vehicle in accordance with 
claim 2, with such radiated energy being microwave elec- 15 
tromagnetic energy, said engines including means for con- 
verting incident electromagnetic energy into propulsive 
thrust, and said energy receiving and applying means com- 
prising a concave surface of revolution positioned on said 
axis to reflect the electromagnetic energy of such beam to 20 
said engines. 

4. A thrust-propelled space vehicle adapted to be main- 
tained in a centered position with respect to a beam of 
radiated energy, comprising a pair of thrust engines 
adapted to be energized by such radiated energy and 25 
mounted in symmetrical relationship on opposite sides 
of a central axis of such vehicle, said pair of engines being 
mounted in a substantially common plane including such 
central axis and at angles with respect to such axis to 
apply to such vehicle respective thrusts having com- 30 
pcneuts directed away from such axis, and means sym- 
metrically disposed about such axis for directing energy 
from such beam to said engines in respective amounts ap- 
portioned in accordance with the relative distances be- 
tween each of said engines and the center line of such 35 
beam, whereby said engines are differentially energized 
to exert corrective thrusts upon displacement of such 
axis from the center line of such beam. 

5. A thrust-propelled space vehicle in accordance with 
claim 4, with such radiated energy being microwave elec- *0 
tromagnetic energy, said engines including means for con- 
verting electromagnetic energy into propulsive thrust, and 
said directing means comprising a pair of concave reflect- 
ing members each reflecting a portion of the energy of 
such beam to a respective one of said converting means. 45 

6. A thrust-propelled space vehicle adapted to be main- 
tained in a centered position with respect to a beam of 
radiated energy, comprising a plurality of thrust engines 
adapted to be energized by such radiated energy and 
mounted in symmetrical relationship with respect to a 50 
central axis of such vehicle, the thrust produced by each 
of said engines being substantially confined to a respective 
plane including such central axis and having components 
both parallel with and directed away from such central 
axis, and means symmetrically disposed about such axis 55 
for directing energy from such beam to said engines in 
respective amounts apportioned in accordance with the 
relative distances between each of said engines and the 
center line of such beam, whereby said engines are dif- 
ferentially energized to exert corrective thrusts upon dis- 60 
placement of such axis from the center line of such beam. 

7. A system for maintaining a thrust-propelled space 
vehicle in spaced-apart relationship with a mother planet 
at a selectable location with respect thereto, comprising a 
control station on such mother planet for transmitting 
microwave electromagnetic energy in a substantially ver- 
tically-directed beam to such vehicle, a plurality of thrust 
engines on such vehicle mounted for rotary movement 
about a substantially vertical common axis, a major por- 7Q 
tioix of the thrust applied to such vehicle by each of said 
engines being substantially tangential to the circle of ro- 
tation thereof with a minor portion of such thrust being 
directed outwardly from such circle, airfoil means 
mounted for movement with said engines to provide a 75 



lifting force for sustaining air flight of such vehicle, 
means for receiving energy transmitted toward such ve- 
hicle along said axis from said control station and for ap- 
plying such energy to said plurality of engines to energize 
the latter thereby, the energy thus being applied to said 
engines being apportioned in accordance with the relative 
positions of each of said engines and the center of such 
beam upon a displacement of such beam away from said 
axis, with those engines disposed more nearly in the di- 
rection of displacement of such beam center from said 
axis at any given instant receiving relatively greater ener- 
gization than others, whereby corrective forces are ap- 
plied to such vehicle in directions substantially normal 
to said axis to maintain such vehicle centered on such 
beam. 

8. A system for maintaining a thrust-propelled space 
vehicle in spaced-apart relationship with a mother planet 
at a selectable location with respect thereto, comprising 
a control station on such mother planet for transmitting 
microwave electromagnetic energy in a substantially ver- 
tically-directed beam toward such vehicle, a pair of thrust 
engines on such vehicle adapted to be energized by such 
radiated energy and mounted in symmetrical relationship 
on opposite sides of a central axis of such vehicle nor- 
mally coinciding with the center line of such beam, said 
pair of engines being mounted in a substantially common 
plane including such central axis and at angles with re- 
spect to such axis to provide respective thrusts to such 
vehicle having components both normal to and parallel 
with such axis, and means symmetrically disposed about 
such axis for directing energy from such beam to said 
engines in respective amounts apportioned in accordance 
with the relative distances between each of said engines 
and the center line of such energy beam, whereby said 
engines are differentially energized to exert corrective 
thrusts upon displacement of such axis from the center 
line of such beam. 

9. A system for maintaining a thrust-propelled space 
vehicle in spaced-apart relationship with a mother planet 
at a selectable location with respect thereto, comprising 
a control station on such mother planet for transmitting 
microwave electromagnetic energy in a substantially ver- 
tically-directed beam toward such vehicle, a plurality of 
thrust engines on such vehicle adapted to be energized 
by such transmitted energy and mounted in symmetrical 
relationship with respect to a. central axis of such vehicle 
normally coinciding with the center line of such beam, 
the thrust produced by each of said engines being sub- 
stantially confined to a respective plane including such 
central axis and having components both parallel with 
and directed away from such central axis, and means 
symmetrically disposed about such axis for directing 
energy from such beam to said engines in respective 
amounts apportioned in accordance with the relative dis- 
tances between each of said engines and the center line 
of such energy beam, whereby said engines are differen- 
tially energized to exert corrective thrusts upon displace- 
ment of such axis from the center line of such beam. 

10. A space vehicle, comprising body means, antenna 
means on said body means for intercepting incident 
microwave energy, means on said body means for con- 
verting said intercepted microwave energy directly into 
a flight-producing force applied to said body means, and 
means for directing microwave energy intercepted by 
said antenna means to said converting means. 

11. A system for remotely energizing a space vehicle, 
comprising means at a control station on a mother planet 
for generating microwave energy, means at such control 
station to radiate such microwave energy to such space 
vehicle, antenna means on said vehicle for intercepting 
such radiated microwave energy, means on such vehicle 
for converting said intercepted microwave energy directly 
into a flight-producing force applied to such vehicle, and 
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means for directing microwave energy intercepted by 
said antenna means to said converting means. 
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The invention relates to a semiconductor device for 
generating electrical energy and having at least one P-N 
junction including a semiconductor body treated with 
radioactive rays. 

If, for example, beta radiation is permitted to act on 
a semiconductor body, the atoms in the semiconductor 
body are ionized, due to the energy introduced into the 
semiconductor body by the beta radiation. If there is 
a P-N junction in the semiconductor body exposed to 
this radiation, the charge carriers liberated by the ioniza- 
tion diffuse to this P-N junction and generate a voltage 

atit * ^ e 

This radiation effect has already been utilized for 

producing electrical energy. In one known device, the 
semiconductor body having, a P-N junction is bombarded 
with beta particles from a radiation source, lying outside 
the semiconductor body. The drawback of this known 
device, however, lies in the fact that the radiation source 
is outside the semiconductor body so that only beta parti- 
cles with a high radiation energy can penetrate into the 
semiconductor body. This required high-radiation en- 
ergy means too short an operational life for these energy 
sources, due to the destructive power of the high-energy 
beta particles. 

To eliminate these drawbacks, it is proposed according 
to the invention, in a semiconductor device with at least 
one P-N junction for generating electric energy to include 
radioactive substances in the semiconductor body. 

It is preferable to use beta radiators as the radioactive 
substances, since among the beta radiators there are avail- 
able those with a small enough radiation energy that 
they will not destroy the semiconductor structure. It is 
also desirable to use pure beta radiators to exclude 
gamma radiation. 

Including the beta radiator directly in the semiconduc- 
tor crystal according to the "invention has the advantage 
that, in contrast to the case where the radiation comes 
. from outside the semiconductor body, internal beta radia- 
tors can be used whose energy is great enough to register 
a useable energy transformation, without requiring that 
the energy be so great as to risk destruction of the semi- 
conductor element. 

Preferably, the radioactive substances are introduced 
directly into the barrier layer or into its immediate 
vicinity in the semiconductor body. When introducing 
the radioactive substances, care has to be taken that' 
charge carriers forming, more than the length of one 
diffusion path distant from the barrier layer cannot reach 
the barrier layer and thus are unable to contribute to 
the formation of the potential at the barrier layer. 

■A suitable radioactive substance for inclusion is, for 
example nickel 63 with a maximum particle energy of 
67,000 ev. and a half-life period of 65 years; also, as 
another example, palladium 107, with a maximum parti- 
cle energy of 35,000 ev. and a half-life period of 7xl0 6 
years, can be used. 

Additional objects and advantages of the present in- 
vention will become apparent upon consideration of the 
following description when taken in conjunction with 
the accompanying drawing in which the single figure of 
the drawing shows a semiconductor body with Iwo ad- 
joining zones of different conductivity types designated 



1 and 2, respectively, i.e., the zones 1 and 2 are oppo- 
sitely-doped" in the sense that one of them, for instance 
zone 1, is p-doped, while zone 2 is n-doped. Between 
these two conductor zones a P-N junction is formed, into 
5 whose space charge region 3 radioactive palladium 107 
is added. These palladium particles cause more elec- 
trons to be raised from the valence band to the conduc- 
tion band than is the case on the basis of thermal equi- 
librium. This entails an increased charge-carrier forma- 
, n tion including electrons and holes which migrate to dif- 
fereni sides of the barrier layer according to their polarity. 
Thus, a potential is formed at the P-N junction which is 
superimposed on the diffusion potential usually prevail- 
ing at the P-N junction. The transformation of the 
15 radiation energy into electrical energy achieved thereby 
may be utilized for practical purposes, since the voltage 
•at the P-N junction derived from the radiation energy 
supples current, in a circuit connected with the thus- 
constituted semiconductor battery. 
20 As far as possible, the beta radiators used should not 
have a maximum electron energy higher than 100,000 
ev., since otherwise the semiconductor crystal may be 
too strongly affected or even destroyed. 
Preferably, the radioactive substances are introduced 
o 5 during the crystal growing. There should be approxi- 
mately 1 radioactive particle per lO* 1 to 10» atoms of semi- 
conductor material. If, for example, a P-type crystal 
mixed with nickel 63 is grown using a silicon semiconr 
ductor body, a barrier layer can be produced by diffusing 
30 in phosphorus or another N-type material. 

The same production process is, of course, also suit- 
able for use with palladium or other radioactive sub- 
stances. Likewise, of course, an N-type silicon crystal 
may be grown, into which boron or gallium,, for example, 
35 is diffused. It should be further pointed out that the 
present teaching also applies to other semiconductor 
materials besides silicon. 

For achieving a high efficiency, the beta radiation 
should bombard and ionize as large a number of atoms 
40 as possible. If charge carriers, which are liberated from 
atoms by the radiation, are to reach the barrier layer 
and therefore to contribute somewhat to the desired 
voltage, it is important that the semiconductor material 
be one having a {ong lifetime. 
It is preferable 4o use a semiconductor body with a 
45 high lifetime. In such a semiconductor body having a 
high lifetime recombination between electrons and holes 
occurs very seldom. 

It will be understood that the above description of 
the present invention is susceptible to various modifica- 
60 tions, changes and adaptations, and the same are intended 
to be comprehended within the meaning and range of 
equivalents of the appended claims. 
We claim: 

1. A semiconductor device for generating electric 
55 energy, comprising a semiconductor body having at least 

two oppositely-doped semiconductor zones forming be- 
tween themselves a P-N junction, and at least one of 
said zones having a radioactive substance added therein. 

2. A semiconductor device according to claim 1, where- 
60 in the radioactive substance is located in the region 

of the Pr-N junction. 

3. A semiconductor device according to claim 1, where- 
in said radioactive substance is one which emits beta 
radiation. 

65 4. A semiconductor device according to claim 3, 
wherein said radioactive substance comprises nickel. 63. 

5. A semiconductor device according to claim 3, 
wherein said radioactive substance comprises palla- 
dium 107. 

70 6. A semiconductor device according the claim 1,. 
wherein said radioactive substance comprises a beta 
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radiator with a maximum electron energy not exceeding 
100,000 electron volts. 

7. A semiconductor device according to claim 1, 
wherein the semiconductor body is one in which the 
carrier has a high lifetime. 

8. A semiconductor device according to claim 3, 
wherein said radioactive substance is located to produce 
charge carriers at a point spaced from said P-N junction 
■a distance which is equal maximally to the length of one 
diffusion path. 
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